Cashew nut protein powder was hydrolysed by alkaline protease to prepare ACE inhibitory peptides. Results showed that the optimum conditions were: substrate concentration, 7 g/100 mL; amount of enzyme, 3%; pH, 10.5; hydrolysis time, 6 h; and temperature, 45°C. Under these conditions, ACE inhibitory rate was 57.45%. ACE inhibitory peptides were filtered using an ultrafiltration membrane of different molecular weights and Sephadex G-15 gel column. We found that the molecular weight was <3000 Da, and the ACE inhibitory rate concentration was 100 mg/mL. The M 2 component, which was the most active component in ACE inhibitory peptides, yielded an ACE inhibitory rate of 77.58%. The M 2 component contained 18 types of amino acids, including seven types of essential amino acids with the highest proline content reaching 23.56% (P < 0.01). The molecular weight of the M 2 constituent was observed as 389 Da, with an amino acid sequence of Glu-Ser -Arg.
Introduction
Angiotensin-converting enzyme (ACE) is a dipeptide carboxylase that is an important regulator for blood pressure in humans. [1] ACE can cause strong vascular smooth muscle contractions and increase blood pressure in the human renin-angiotensin system and kallikrein-excitation peptide system. [2, 3] Moreover, ACE can soothe the activity of cream peptide, which means diastolic blood vessel function of the human endogenous step-down system could be regulated. [4, 5] Therefore, inhibiting the cream peptide activity of regulating blood pressure has an important influence. The blood pressure peptide preparation methods mainly include direct extraction, fermentation, and enzymatic hydrolysis. Because the content of ACE inhibitory peptides is low in plants and animals, in order to prepare high activity and good purity peptide, it must be repetitively extracted, which greatly increased the economic cost. In addition, extraction method can cause environmental pollution and solvent residue; [6] Defection of fermentation method: strains are easily varied and aged, contaminated by the bacterial, product preparation need a long time, and fermentation conditions are not easy to control; [7] Enzymatic hydrolysis method has obvious advantages, which include having mild enzymatic conditions and specificity for protein, nutrients in the substrate are largely retained, and the solution with less impurity after enzymatic and operation is easy to control. Therefore, enzymatic hydrolysis method can better meet the needs of the preparation of ACE inhibitory peptides. [8] Some researchers have reported different food protease solutions to prepare ACE inhibitory peptides. [9, 10] The antihypertensive peptides after foodborne protein hydrolysis, which has high safety features, have been studied extensively, [11, 12] so ACE inhibitory peptides isolated from foodborne materials have become a trend in the future development of health food [13] . Most reported ACE inhibitory peptides contain 2 to 15 peptides, hydrophobic amino acids, and aromatic amino acids, with a molecular weight between 200 and 1500 Da. [14, 15] Cashew nut is rich in protein (17.7-21.29%) and amino acids (contains eight kinds of essential amino acids which cannot be synthesised from our body and have been reported in the preparation of antioxidant peptides and healthy oral liquid amino acids). [16, 17] Research on Cashew nut protein-derived ACE inhibitory peptides mostly focused on enzyme screening and optimisation of the extraction process. [18, 19] By contrast, few studies have reported on purification. [13] Our research can explore potential biological utilisation value of cashew nut, abundant raw materials for the preparation of ACE inhibitory peptides, which is of positive significance for enriching cashew nut related product development.
Materials and methods

Materials and reagents
Skim cashew nut protein powder (protein content = 63.17%) was obtained from Biological Technology Co., Ltd. (Chongqing, China). Alkaline protease (enzyme activity = 1.89 × 10 4 µ/g), angiotensin I-converting enzyme (ACE), N-[3-(2-furylacryloyl)]-L-phenyalanyl-glycyl-glycine (FAPGG), and Sephadex G-15 glucan gel were purchased from Sigma-Aldrich Co. (USA). TrisHCl buffer, NaCl, NaOH, formic acid, ethanol, and phenol reagents were of analytical grade and purchased from Beijing Chemical Reagent Co. (Beijing, China). Deionised water was used throughout the experiment. 50 mmol/l Tris-HCl: 6.055 g Tris was accurately weighed in a 1 L beaker and added with 800 ml of deionised water to dissolve thoroughly, concentrated hydrochloric acid was used to adjust the required pH, the solution volume was kept to 1 L, sterilised, and preserved it at room temperature.
Preparation of ACE inhibitory peptides
Cashew nut protein powder was dissolved in distilled water and then mixed with alkaline protease. The mixture was hydrolysed at a constant temperature, and the enzyme was inactivated via a boiling water bath for 10 min. After centrifugation for 10 min at 4°C and 10,000 r/min, the supernatant fluid was subjected to evaporation and freeze drying. Finally, ACE inhibitory peptides were obtained. [18, 19] Response surface design experiment under enzymatic hydrolysis conditions According to the results of single-factor experiment, the experimental design was optimised using response surface methodology. The Box-Behnken centre combination experimental principle was also applied, in which we selected four factors affecting the ACE inhibitory rate. [20, 21] These factors were substrate concentration, pH value, reaction temperature, and reaction time. Three levels per factor were used to optimise the test (Table 1) , and the ACE inhibitory rate was used as the response variable. Determination of ACE inhibitory rate Distilled water (1 mL) was slowly injected into glass bottles containing 0.1 U ACE. After mixing, the bottles were set aside. Meanwhile, 10 µL of ACE aqueous solution and 10 µL of ACE inhibitory peptides (concentration of 1 mg/mL) were added to an enzyme label plate. Subsequently, the substrate (1.0 mmol/L FAPGG dissolved in 50 mmol/L Tris-HCl containing 0.3 mol/L NaCl, pH 7.5), which was preheated for 37°C for 5 min, was added to the plate and allowed to react for 2 min. The absorbance at 340 nm was recorded and labelled A 1 . After a reaction time of 30 min, the absorbance at 340 nm was determined and labelled A 2 . The control group comprised 10 µL of substrates instead of ACE inhibitory peptides. The initial absorbance of the blank solution was recorded as A 01 , and that after the reaction was recorded as A 02 . Changes in the absorbance value (ΔA inhibitor = A 1 − A 2 , Δblank = A 01 − A 02 ) were calculated to obtain the ACE inhibitory rate. [20, 21] ACE inhibitory rate
Ultrafiltration of ACE inhibitory peptides
The hydrolytic liquid was filtered using four (30, 10, 5, and 3 kDa) ultrafiltration membranes and separated by a Vivaflow ultrafiltration system. After ultrafiltration, the hydrolytic liquid was divided into five components, namely, component I (M > 30 kDa), component II (10 kDa < M < 30 kDa), component III (5 kDa < M < 10 kDa), component IV (3 kDa < M < 5 kDa), and component V (M < 3 kDa). All components were collected and vacuum freeze-dried. The ACE inhibitory rates of these components were then determined.
Gel chromatography of ACE inhibitory peptides
The processed Sephadex G-15 resin was loaded in a 1.6 × 60 cm glass chromatographic column. Samples of 100, 200, and 300 mg/mL solution were prepared, and 3 mL was eluted each time at a flow rate of 0.3 mL/min distilled water. Samples were collected by a tube every 10 min, and a total of 50 tubes were obtained. The absorbance of these 50 tubes was detected at 280 nm. The elution peak was collected at optimal state. After the components were freeze-dried, their ACE inhibitory rates were determined.
Determination of molecular weight distribution of ACE inhibitory peptides
The active components after SephadexG-15 filtration were identified by MALDI-TOF-MS to obtain the molecular weight of ACE inhibitory peptide. Myoglobin from horse heart trypsin digestion peptide was used as a standard peptide to calibrate the instruments. The instruments were calibrated to an error of ≤0.1 µ, and the relative standard deviation was ≤10 × 10 6 . MS was performed under the following settings: positive 2 kv reflection mode, MALDI laser source, scanning range of m/z 120-760, laser energy of 5000, and positive ion mode. The samples were resolved in ultrapure water to a concentration of 5 µg/ µL. Approximately 0.5 µL of samples were placed in MALDI stainless steel plates for natural drying, and 0.5 µL of 0.5 μg/μL alpha-cyano-4-hydroxycinnamic acid was used as the matrix [20, 21] .
Amino acid analysis of ACE inhibitory peptides
Samples (100 mg) in the hydrolysis tubes were initially added with 4.2 mol/L NaOH to hydrolyse tryptophan. Then 1 mL of performic acid reagent was added at room temperature, and the reagent was allowed to mix with the samples for 3 h. The oxidation reaction was stopped using 1 mL of ethanol. The tubes were placed in a pressure reducer, dried, rinsed with deionised water, and dried again. This process was repeated three times to remove performic acid. Subsequently, 10 mL of 6 mol/L hydrochloride was added to the aqueous solution, followed by three drops of phenol. The tubes were placed in a coolant, frozen for 3-5 min, vacuumed, and filled with nitrogen. This process was repeated three times. The tubes were then sealed with nitrogen, placed in a drying oven maintained at a constant temperature of 110°C, hydrolysed for 22 h, and cooled at room temperature. After hydrolysis of the tubes containing the samples, the hydrolytic solution was filtered and transferred to a 50 mL volumetric flask. Deionised water was used to reach a constant volume. 1 mL of the filtrate was taken into a 5 mL volumetric flask and dried in a vacuum drier. The residue was dissolved in deionised water, then dried, repeated for two times, and dissolved it in 1 mL of pH 2.2 in Tris-HCl buffer. Accurately absorbing 0.2mL mixed standard amino acids, diluting to 5mL with pH2.2 Tris-HCl buffer, which as the standard amino acid, the amino acid automatic analyzer with external standard method for determination the type and content of amino acids in ACE inhibitory peptides from cashew nut. [20, 21] 
Statistical analysis
Final data were expressed as the mean ± standard deviation ( AE s) . ANOVA was employed to assess the differences among groups. Statistical analysis was performed using SPSS 21.0. Significant differences were denoted by P < 0.05. Table 2 and the principle of response surface optimisation experiment, the P value of the model was significant. The P value of loss of quasi = 0.0639 > 0.05 was not significant, thereby suggesting that the unknown factors had a minimal influence on the test results (_ENSaikia et al. Response surface analysis results Figure 1 shows the response surface analysis of the interaction of various factors. The changes in response values exhibited a complex quadratic relationship, and interactions between any two factors were evident. The optimised hydrolytic conditions for the model were as follows: substrate concentration, 6.82 g/100 mL; pH, 10.5; time, 6 h; and temperature, 45°C. Under these conditions, the ACE inhibitory rate from the cashew nut peptide hydrolysed by papain reached 59.482%. For the validation experiments, the following conditions were set: substrate concentration, 7 g/100 mL; enzyme amount, 3%; pH, 10.5; time, 6 h; and temperature, 45°C. Under these conditions, the ACE inhibitory rate was 58.86%. The model had a relative error of 1.1%. Thus, the optimal cashew nut peptide hydrolysis conditions from the response surface method were accurate and reliable, and our proposed model was feasible in practical applications.
Results and discussion
Response surface of optimisation test results
According to
Ultrafiltration separation of different components of cashew nut peptide
The ACE inhibitory rates of components of different molecular weights were not the same after ultrafiltration separation. Based on the ACE inhibitory rate of components with a molecular weight >3000, such components exerted weak effects compared with the initial hydrolytic solution (P < 0.05). Among these components, only components V (molecular weight <3000 Da) had higher ACE inhibitory rates than the initial hydrolytic solution (P > 0.05). This finding illustrated that the most effective components of cashew nut ACE inhibitory peptides were from this component. This result also verified the conclusion that ACE inhibitory peptides are mainly composed of small molecular peptides. Therefore, in our subsequent analyses, we selected components V for further separation and purification (Fig. 2) .
Sephadex G-15 chromatography separation of different components of cashew nut peptide
As shown in Fig. 3 , the V components of cashew nut ACE inhibitory peptides were obtained after ultrafiltration. We selected samples of different concentrations, and three spectra were obtained after Sephadex-G15 resin separation. The elution peak of the sample at 200 mg/mL was poor (Fig. 3B) , and the components did not separate in the sample at 300 mg/mL (Fig. 3C) . Based on the effects of the elution peak, we chose the sample concentration of 100 mg/mL. Three satisfactory elution peaks were obtained in this concentration, which were marked as M 1 , M 2 , and M 3 (Fig. 3A) . The liquid attributed to the elution peak was collected, concentrated, and freeze-dried. Finally, the ACE inhibitory rate was determined. Figure 4 shows that the ACE inhibitory rate of the M 2 component was the highest at 77.58% (P < 0. 05), with the IC 50 of 0.5825 mg/mL. Identification of amino acids in the ACE inhibitory peptides
As shown in Table 3 , the amino acid content was rich in cashew nut ACE inhibitory peptides, which contained 18 types of amino acids, including seven essential amino acids for humans. Glutamate (Glu), Arginine (Arg), and Valine (Val) had the highest amino acid levels of 23.56% (P < 0.01), 9.01% (P < 0.05), and 6.78% (P < 0.05), respectively, which accounted for about 42% of the total amino acids. The n-terminal of the peptides containing Ala, Val, Leu, and Gly resulted in low blood pressure (Fig. 5) ; Moreover, the N-terminal containing Arg, Tyr, Phe, and Pro residues exerted blood pressure-lowering effects. [20, 21] The contents of the aforementioned amino acids were relatively high in cashew nut ACE inhibitory peptides, which indicated good ACE inhibitory effects.
Determination of molecular weight distribution in ACE inhibitory peptides
According to Fig. 5 , the M 2 component in the spectrum demonstrated three strong signal peaks. We observed a peak at 389.2 for molecular ion peaks (M+H) + , which indicated a molecular weight of 389 Da. Therefore, we presumed that the ACE inhibitory peptides comprised three peptides from the dehydration of three amino acids. The molecular weights of Glutamate (Glu), Arginine (Arg), and Serine (Ser) were 147, 174, and 105 Da, respectively, but their dehydration resulted in a molecular weight of only 389 Da. Therefore, the possible combinations of amino acids were Glu-Arg -Ser, Glu-Ser-Arg, Arg -Glu-Ser, Arg -Ser -Glu, Ser -Arg -Glu and Ser -Glu-Arg. According to the rules of sequence peptides, the characteristic ions at 169.3547 of the mass spectrum demonstrated that Ser was a c-terminal amino acid (in the formation of three peptides, Ser provided H + for -NH 2 ). The characteristic ions at 158.2548 showed that Arg was the middle peptide (in the formation of three peptides, Arg provided H + for -NH 2 and OH − for -COOH). Therefore, Glu should also provide OH − , which resulted in a characteristic ion at 58 [20, 21] . However, considering the data collected at m/z 120, the characteristic ions at 58 were not observed in the mass spectrum. The characteristics ions at 235.4782 could be attributed to the Glu-Ser-Arg lose-Arg residue, so we deduced that the amino acid sequence of the three peptides was Glu-Ser-Arg. [20, 21] 
Conclusion
The optimal parameters of ACE inhibitory peptides extracted from cashew nut protein powder after papain hydrolysis were as follows: substrate concentration, 7 g/100 mL; pH, 10.5; hydrolysis time, 6 h; and hydrolysis temperature, 45°C. Verification results showed that this model had good prediction ability. Ultrafiltration and Sephadex-G15 separation of the enzymatic hydrolysis product significantly increased the ACE inhibitory rate at a sample concentration of 100 mg/mL from 58.86% to 77.58% (P < 0.05). The cashew nut protein powder enzymatic hydrolysis product exhibited an ACE inhibitory effect of 389 Da. Its amino acid composition was rich, and the amino acid sequence may be Glu-Ser-Arg. 
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